The aim of this study has been to determine the effect of foliar application of CaCl 2 before harvest on the accumulation of K, Mg and Ca in fresh and stored lettuce heads. The experimental material comprised cv. Omega lettuce, which was grown in a greenhouse at the Department of Cultivation and Fertilization of Horticultural Plants of the University of Life Sciences in Lublin. CaCl 2 solutions of the concentrations of 0.1 M and 0.2 M were sprayed over plants 20 and 10 days before harvest. After harvest, some plants were analysed immediately (fresh plants), while the remaining lettuce heads were cold-stored at 4 o C for 7 and 14 days in dark polyethylene bags. The levels of dry matter, K, Mg and Ca were determined in whole leaves and leaf blades (without the midrib) of fresh and stored plants. The accumulation of dry matter, K, Mg and Ca varied depending on the leaf part, CaCl 2 treatment and time of storage. The Ca content was lower leaf blades than in whole leaves of fresh plants not treated with CaCl 2 , but the K and Mg concentrations were on a similar level in both parts of leaves. The results of this study indicated that CaCl 2 foliar spray of plants caused higher K and Mg concentrations in whole leaves compared to the control plants (no CaCl 2 treatment) but decreasing Ca and K levels were observed in leaf blades without the midrib from fresh plants treated with 0.2 M CaCl 2 . During the 14-day cold storage of lettuce, the Ca and Mg levels in decreased whole leaves but increased in leaf blades of the control plants and after the 0.2 M CaCl 2 treatment. Changes in the K, Mg and Ca accumulation affected the K:Mg and K:(Ca+Mg) ratios, which rose in whole leaves of stored plants compared to fresh ones.
INTRODUCTION
Leaf vegetables are an important component of a balanced diet, which promotes consumption of more fruit and vegetables. Lettuce leaves, which contain vitamins C and E, carotenoids, phenolic acids with anti-free radical activity, and minerals, are an important part of the human diet. There is evidence which supports the role of mineral elements in cardiovascular diseases. Magnesium is important for the metabolic activity because it is related to many enzymes controlling the metabolism of carbohydrates, fats, proteins and electrolytes (CHAKRABORTI et al. 2002 , HAARENEN 2003 . Magnesium deficit and anomalies in metabolism are an important aspect when considering the aetiology of diabetes and the pathophysiology of many cardiovascular diseases in humans, such as cardiac arrhythmia, congestive heart failure, dyslipidemia, hypertension, myocardial ischaemia, atheromatosis and myocardial infraction. Its deficit gradually contracts coronary vessels, significantly blocking the flow of oxygen and nutrients to muscle fibres of the heart (SINGH et al. 1997 , GAZMURI et al. 2001 , CHAKRABORTI et al. 2002 , HAARENEN 2003 . It is known that magnesium deficit distorts the balance of other important macrominerals such as calcium, potassium and sodium. This suggests some dependence between cellular ion transport mechanisms and magnesium levels (BIJVELDS et al. 1997) . Magnesium deficit may increase the level of intracellular Ca 2+ , support the formation of oxygen radicals, proinflammatory factors, and induce changes in the membrane permeability and transport processes in the heart muscles (SINGH et al. 1997) . A high Ca:Mg ratio favours blood coagulation (SEELIG 1994 , HAARENEN 2003 .
The main macroelements, i.e. potassium, magnesium and calcium, are vital nutrients for metabolism and transport across cell membranes. They support different cellular functions, such as controlling ion charge and concentration gradients in membranes which are used in transport processes, osmosis, cytoplasmic pH regulation, stabilisation of ribosome and nucleic acid structure, activation of DNA, RNA and protein synthesis enzymes (CAMPO et al. 2000 , GHARIEB 2001 .
Calcium increases the membrane permeability (BHARTI et al. 1996) and may influence the growth and ageing of plants (MAKSYMIEC, BASZYÑSKI 1998) . It is one of the key initiators of signal processing in cells of higher plants, including processes such as bud formation, polar growth, control of gas exchange, light-and hormone-controlled growth and development (BHARTI et al. 1996 , HUBER et al. 1996 , SAURE 1998 , RUIZ et al. 1999 , BURTON et al. 2000 .
Certain disorders in plants, for example tipburn, are related to Ca 2+ deficiency (SAURE 1998 , BARTA, TIBBITTS 2000 . It was found that calcium salts can be used for shelf stability as a firming agent in different fruit (LUNA--GUZMAN, BARRETT 2000) . Lettuce is one of the vegetables whose quality is limited by a short shelf life.
The objective of this study was to determine the effect of pre-harvest foliar application of different concentrations of CaCl 2 on the accumulation of K + , Mg 2+ and Ca 2+ in whole leaves and leaf blades (without the midrib) of fresh and cold-stored lettuce heads.
MATERIAL AND METHODS
The study involved a pot experiment conducted in a greenhouse of the Department of Cultivation and Fertilization of Horticultural Plants of the University of Life Sciences in Lublin. The experimental material comprised cultivar Omega lettuce. Two-litre pots were filled with transitional peat with the pH of 5.4 and limed to 6.4 with calcium carbonate. The peat was enriched with 4 g of superphosphate, equivalent to 0.8 g of phosphorus, per pot. The micronutrient concentrations in 2 L of the substrate were: Cu -26.6 mg, Mn -10.2 mg, B -3.2 mg, Mo -7.4 mg, Zn -1.48 mg. The culture medium was added to the pots three times: before planting the let-tuce on 17 th March and twice afterwards, on 31 th March and 7 th April. The total content of mineral components in the medium was after planting in experiment: N -0.7 g, K -1.5 g and Mg -0.45 g. The temperature in the greenhouse was maintained at 18 o C at night and 23 o C during the day. Two weeks after planting, the vegetables were sprayed with CaCl 2 solutions of two different concentrations. For this purpose, plants were divided into three groups. The first group was treated with a CaCl 2 solution of the concentration 0.1 M, the second one -0.2 M, while the third group, which served as the control, was sprayed with water. The plants were sprayed twice until the first drop, 20 and 10 days before harvest. The applied CaCl 2 concentrations were determined during the preliminary study (PERUCKA et al. 2007) . The experiments were carried out in a randomized block design with five replications. After harvest, some plants were analysed immediately (fresh plants), while the remaining lettuce heads were cold-stored at 4 o C for 7 and 14 days in dark polyethylene bags. Five plants were sampled from each plot for chemical analysis. The plants were washed with distilled water before analysis. Leaf blades (without the midrib) and whole leaves were dissected. The prepared material was dried at room temperature, ground and mineralized in a muffle furnace at 300-500 o C. The levels of K, Mg and Ca were determined in an atomic absorption spectrometer (Unicam 939/395). The content of macronutrients was determined according to the analytical curve with the method described by PERUCKA et al (2007) . The weight ratios of Ca:Mg, K:Ca, K:Mg, K:(Ca+Mg) were also calculated.
Statistical analysis consisted of an analysis of variance (Anova), using Statgraphics v 3.1 for Windows. Tukey's test (P<0.05) was used to detect significant differences among the means from three replicates.
RESULTS AND DISCUSSION
The results of the study on the effect of pre-harvest CaCl 2 foliar application on the accumulation of potassium, magnesium, calcium and dry matter in fresh and cold-stored lettuce are presented in Tables 1 and 2 . The data indicate that the dry matter ranged from 3.17% to 4.19% and depended on the concentration of CaCl 2 and time of storage (Table 1) . Foliar CaCl 2 application had a statistically significant influence on modifications in the content of dry matter. It was found that more dry matter was accumulated in the whole leaves of plants treated with the CaCl 2 solution of the concentration of 0.2 M and in leaf blades after using the CaCl 2 solution of either concentration. During the storage, the level of dry matter increased in whole leaves and leaf blades compared to the control plants due to water loss.
Potassium in lettuce leaves was within the range of 43.75-63.76 g kg -1 of dry matter (Table 1) . It generally depended on a CaCl 2 solution concentra-tion applied during the pre-harvest foliar treatment. More potassium was noticed in the whole leaves of fresh plants after the CaCl 2 treatment with a solution of either 0.1 M or 0.2 M concentration; the lowest potassium content appeared in the leaf blades of plants treated with CaCl 2 of the concentration of 0.2 M, compared to the control. During the 14-day storage under cold conditions, the potassium level was observed to be higher in whole leaves of the control plants and after the CaCl 2 treatment with a solution of the higher concentration than in fresh plants.
Magnesium ranged from 3.88-6.67 g kg -1 of dry matter. It depended on the level of CaCl 2 treatment and time of storage (Table 2) . In fresh plants, it increased in the whole leaves of plants after the application of CaCl 2 in either concentration whereas while in leaf blades it rose only when the 0.1 M solution was applied. During the 14 days of storage in cold, the magnesium concentration increased in leaf blades of the control plants and treated with the CaCl 2 solution of the concentration of 0.2 M, but Mg decreased in whole leaves compared to fresh plants treated with calcium chloride in the same dose. Calcium in cv. Omega lettuce ranged from 8.19 to 13.42 g kg -1 d.m. (Table 2 ). The accumulation of this element was distinctly affected by both CaCl 2 solution concentrations, part of leaves and storage time. A statistically significant higher calcium content was noted in whole leaves of fresh control plants than in leaf blades. During the 14-day storage, the calcium concentration decreased in whole leaves, in contrast to leaf blades, in which the accumulation of this element increased in the control plants and after the application of CaCl 2 of the concentration of 0.2 M.
These results correspond to the ones obtained by MICHA£OJAE and HORODKO (2006) , who found that foliar treatment of sweet pepper plants with calcium ions had a weak effect on the potassium and magnesium content but the level of dry matter was higher in fruit of plants treated with Ca 2+ ions. Foliar spray with calcium ions, both as CaCl 2 and Ca(NO 3 ) 2 , increased the content of this ion in leaves and fruit of pepper compared to the control. Lettuce belongs to vegetables that have a low demand for nutrients but are sensitive to the ion concentration in soil, both during germination and in the vegetative period (CHIBA, SHIMIZU 2008 , NURZYÑSKI at al. 2009 the level of Mg 2+ and increased Ca 2+ in fresh whole leaves (PERUCKA et al. 2007 ). The increasing soil calcium content had an effect on potassium and calcium concentrations in lettuce. Calcium increased but potassium slightly decreased in plants when calcium in soil reached the highest level (NURZYÑSKI et al. 2009 ). An increase in the calcium chloride level in soil caused a proportional rise in calcium concentrations in both roots and leaves of other plants. In tobacco plants, calcium ions were more likely to accumulate in leaves than in roots, indicating that the ion permeation system differs in roots and leaves (RUIZ et al. 1999) . Identical results were obtained by other authors in experiments on Sesamum indicum (BHARTI et al. 1996) . In a study on bean plants, higher calcium levels in the substrate resulted in greater accumulation of calcium in the plant (MAKSYMIEC, BASZYÑSKI 1998) . BRES and WESTON (1992) concluded that the accumulation of calcium and magnesium in lettuce leaves was cultivar-dependent and significantly higher in cv. Summer Bibb than in cv. Buttercrunch. Lower calcium levels in cv. Buttercrunch could be responsible for a higher incidence of disease observed in this cultivar, most likely due to its increased sensitivity to adverse environmental conditions, as manifested by lower calcium concentrations in young leaves. According to a study conducted by LAZOF and BERNSTEIN (1999) into the transport of micronutrients to the youngest leaves of lettuce, it was found that the transport of calcium ions was halved in comparison with potassium ions, but no changes in the transport of magnesium ions to the youngest lettuce leaves were noted.
The results obtained in our experiments indicated that the concentrations of Mg and Ca in leaf blades were higher than in whole leaves during the 14 days storage of lettuce under cold conditions (Table 2 ). It may be affected by the transport of these elements from the midrib of whole leaves to leaf blades.
The ratios of mineral nutrients are an important indicator of the nutritive value of a diet. According to the present results (Table 3) , the Ca:Mg ratio in whole leaves of fresh plant of cv. Omega lettuce was optimum, but the K:Mg and K:Ca ratios were twice as high as the optimum ones in a diet: less than 6.0 for K:Mg, 2.0 for K:Ca and 3.0 for Ca:Mg (KOTOWSKA, WYBIERAL-SKI 1999 , FRANCKE 2010 .
It was noticed that the Ca:Mg and K:Mg ratios in the whole leaves of cv. Omega lettuce were higher than in the leaf blades, but K:(Ca+Mg) was on the same level in both parts of fresh plants (Table 3 ). The CaCl 2 treatment of lettuce before harvest caused a decrease in the Ca:Mg and K:Mg ratios compared to the control, which was a result of the increasing content of Mg in whole leaves in response to a higher CaCl 2 concentration. During the 14 days of storage under cold conditions, the K:Mg, K:(Ca+Mg) ratios increased in the whole leaves depending on the CaCl 2 doses versus the fresh plants.
CONCLUSIONS
The results show that foliar treatment of lettuce with CaCl 2 in rising concentration stimulated the K and Mg accumulation in whole leaves of fresh plants. No significant changes in the Ca content were observed. In leaf blades without the midrib, the application of the higher CaCl 2 dose caused a decline in the Ca 2+ and K + concentrations in fresh plants. This depressed the Ca:Mg and K:Mg ratios. During 14-day storage of lettuce in the cold, a decrease in the Ca levels in whole leaves and an increase in leaf blades in the control plants and after the application of the CaCl 2 solution of the concentration of 0.2 M were observed. The same tendency was noticed for the Mg content. In general, the changes in the K levels under the same conditions were not statistically significant but the K:Mg and K:(Ca+Mg) ratios increased in whole leaves compared to fresh plants.
